Abstract The Norway lobster, Nephrops norvegicus, is a commercially exploited decapod which is widely distributed throughout the north-eastern Atlantic and the Mediterranean Sea. Ovigerous females originating from the Mediterranean and the Irish Seas were held in the laboratory until larvae hatched. Biomass and biochemical composition, as well as digestive gland structure, were examined in newly hatched larvae from these two regions. In addition, previously published data from a North Sea population were included in our comparison. Elemental analyses showed that the absolute quantities of dry mass (DM), carbon (C), nitrogen (N) and hydrogen (H) (collectively referred to as CHN) per individual, and the C:N mass ratios, were significantly lower, while the relative CHN, protein and lipid values (in % of DM) were higher in samples from the Irish Sea compared to larvae originating from either the Mediterranean or the North Sea. As in CHN, the absolute level of protein per individual was higher in larvae from the Mediterranean, while no significant differences were observed in the individual lipid contents. Likewise, the digestive gland structure at hatching did not show any differences between study areas. Intraspecific variability in biomass and chemical composition of newly hatched larvae from different regions may be related to differential patterns of reproduction in regions with different climatic conditions. Lobster larvae hatch in the Mediterranean Sea predominantly in winter when both water temperature and planktonic food availability are at a minimum, while hatching in the Irish Sea occurs under more favourable conditions in spring. Hence, significantly higher wet mass, dry mass and protein values in Mediterranean larvae may represent adaptive traits allowing for early posthatching survival and development under food-limited conditions in an oligotrophic environment.
Introduction
The commercial fisheries of the Norway lobster, Nephrops norvegicus (Linnaeus, 1758) , are economically important in Europe. N. norvegicus is a benthic decapod found in waters from the Mediterranean to Iceland. Reproduction varies latitudinally, with egg incubation ranging from 6 months in the Mediterranean to more than 10 months in Iceland, and hatching occurring at the end of winter or early in spring (Sardà 1995) .
The first larval stage of N. norvegicus was morphologically described by Sars (1884 Sars ( , 1890 from Norwegian waters, by Jorgensen (1925) from the northeastern coast of England, and by Santucci (1926 Santucci ( a, 1926b Santucci ( , 1926c Santucci ( , 1927 from the Tyrrhenian Sea, showing great similarity among geographically separated populations. The larvae from different areas appear to hatch with similar initial size. Larval presence and distribution has been studied from a fisheries point of view in different regions including Iceland (Eiriksson 1970) , the Faroe Islands (Andersen 1962) , Scotland (Fraser 1965) , Danish waters (Poulsen 1946) , the Irish Sea (Horsburgh et al. 2000; Briggs et al. 2002 , and earlier papers cited therein), England (e.g. Milligan and Nichols 1988) , the North Sea (Rees 1952) and the Adriatic (Karlovac 1953) .
Laboratory experiments have demonstrated that temperature is the major factor regulating the duration of larval development (Figueiredo 1971; Figueiredo and Vilela 1972; Thompson and Ayers 1989; Dickey-Collas et al. 2000a ). In the Irish Sea, temperature increases during the hatching period from ca. 6C to 13C, while larval stage duration decreases (Dickey-Collas et al. 2000b ). Figueiredo (1971) and Figueiredo and Vilela (1972) reared N. norvegicus larvae in the laboratory at different salinities (33-40‰), but the larvae seemed to be unaffected within the tested range.
The large range of geographic-climatic distribution of this species, from cold-temperate North Atlantic to subtropical Mediterranean regions, raises the question whether there are intraspecific differences in larval biomass or chemical composition. Such data are relevant for the development of bioenergetic models of growth and survival, and for the future selection of brood stock for restocking and aquaculture.
Methods
Ovigerous Norway lobster females were collected by local fishermen using bottom-trawl boats in front of Barcelona harbour (Mediterranean Sea) and creels in Strangford Lough (Irish Sea). They were transported alive to Barcelona (Spain) and Portaferry (North Ireland) laboratories, respectively. They were maintained in individual containers (50 l) at 13€1C and 37.5€1‰ (Barcelona) or at 11€1C and 34.5€1‰ (Portaferry) until the first larval stage hatched, 1-2 weeks after collection of the females.
Freshly hatched larvae from each of 20 different females (eight originating from the Mediterranean Sea and 12 from the Irish Sea) were sampled within about 12 h of hatching. Samples were briefly rinsed in distilled water, blotted on fluff-free filter paper, and wet mass (WM) was measured to the nearest 0.01 mg using an Ohaus AP250D-0 digital balance. Thereafter, the material was stored at 80C for later elemental and biochemical analyses. Five replicate analyses were made for each measurement of biochemical and elemental composition, while total wet mass was determined in n=10 larvae per female. Additional larvae were fixed in Bouin for histological studies. Fixed larvae were later embedded in paraffin, and sections were stained with hematoxylin-eosin dye. The cell types occurring in the hepatopancreas were classified according to the criteria given by Hirsch and Jacobs (1930) , extended by Al-Mohanna and Nott (1987) and adapted by Sagristà and Durfort (1991) .
The ash content was determined in n=5 replicate larvae per female: after dry mass (DM) measurement, the samples were combusted for 16 h at 500C, cooled in a desiccator, and weighed again. Dry mass (DM) and ash content were measured to the nearest 0.1 mg on a Mettler UM 3 balance.
Before CNH analysis, the samples were transported frozen at 56C to the Helgoland Marine Biological Station, Germany, where we freeze-dried them overnight in a GT 2 (Leybold-Heraeus) apparatus. Larvae were subsequently combusted at 1020C in a CHN analyzer (Carlo Erba Science, Model 1108, Version Fisons).
Homogenates in distilled water of two larvae per female were prepared for lipid and protein determinations. Total lipids were measured with a Merckotest 3321 kit, total protein with the Bradford (1976) method using a Bio-Rad kit.
Arithmetic means and standard deviations were calculated from ten replicate wet mass determinations and from five replicate elemental and biochemical analyses. The significance of differences between mean values of larvae from the Mediterranean and Irish Sea was tested using a one-way analysis of variance (ANOVA) with untransformed data and a probability level P<0.05.
Results
Biomass data (WM, DM, water content of WM, ash, and CHN per individual) of freshly hatched larvae originating from females fished in the North Sea (Anger and Püschel 1986) , the Mediterranean, and the Irish Sea are compared in Fig. 1 . Irish Sea larvae had significantly lower biomass values per individual, and the C:N mass ratio was lower, compared to larvae from the Mediterranean and the North Sea (Fig. 1) . Nevertheless, the percentage C and N contents (as fractions of DM) were higher in Irish Sea larvae than in those from the other two areas (Fig. 2) . WM, water, ash, and CHN contents of larvae from the Mediterranean Sea were slightly lower than those from the North Sea; however, these differences were not statistically significantly (Fig. 1) .
Protein and lipid contents were not measured in North Sea larvae. In the other populations, the protein fraction showed the same pattern as the CHN values. In Irish Sea larvae, the protein content per individual was lower, while the percentage values were higher than in larvae from the Mediterranean. The absolute lipid content was similar in larvae originating from the two areas, but the relative values (% of DM) were significantly higher in larvae from the Irish Sea (Fig. 3) .
The histological study of the digestive gland showed that the majority of cells (75%) belong to the A type. They are cubic, with a diameter of ca. 14 mm. The secretory cells represent 10% of the total. This type of cell is glandular, belonging to the calciform group. The secretory cells are 35-40 mm high and 10 mm wide. The rest of the cells (10-15%) are undifferentiated and their diameter is around 10 mm. In the digestive cells, no differences were observed between larvae from different origins but embryos close to hatching and adults had larger digestive cells than the larvae after hatching (Fig. 4) .
Discussion
This study suggests that larvae originating from the North Sea and the Mediterranean were larger and richer in lipids, proteins, and CHN per individual than those from the Irish Sea. Considering oceanographic data from these areas (see http://www.sea-search.net) and assuming that phytoplankton blooms may be expressed in terms of chlorophyll a, we suggest that temperature and food availability should be key factors for larval hatching and development in N. norvegicus. Different populations of the Norway lobster spawn in late winter, spring and early summer (cf. Sardà 1995) . N. norvegicus is considered to be originally a subarctic species which has been able to adapt to warmer climates. In the Mediterranean Sea, its larvae hatch in winter when surface water temperature is at a minimum. Under these conditions, embryonic development lasts about 6-7 months, while settlement occurs under summer conditions. Since chlorophyll a peaks do not occur before spring, the early larvae hatch and develop in a nutritionally poor environment. This is in contrast to larvae from northern Europe, where hatching Fig. 1 Nephrops norvegicus, freshly hatched larvae from the North Sea (black bars), the Mediterranean (white bars), and the Irish Sea (grey bars): biomass (wet mass, WM); water content (% of WM); dry mass (DM); ash; carbon; nitrogen and hydrogen contents per individual. Arithmetic means€SD (error bars); n=10 individuals for WM, % WM and DM values, and n=5 individuals for ash and CNH values. Different letters near error bars indicate statistically significant differences between larvae from different regions (ANOVA; P< 0.05) coincides with a period characterised by thermal stratification and the beginning of a phytoplankton bloom. Our results demonstrate that larvae from the Mediterranean Sea hatch with significantly higher wet mass, dry mass and protein content per individual than larvae from the Irish Sea. These traits appear to indicate higher initial energy reserves in the former, which may allow for survival of early larval stages in an oligotrophic environment such as the Mediterranean during winter. Since the absolute amounts of lipid per larva were similar in these two populations, our data suggest that proteins, rather than lipids, represent the predominant energy pool for development under conditions of food limitation.
Although the North Sea shows on average higher chlorophyll a concentrations during the hatching period, larvae from this region presented similar biomass values to those originating from the Mediterranean Sea. However, this comparison is based on only a single hatch from the North Sea versus eight from the Mediterranean, so that no final conclusions can be drawn from the available data. Tuck et al. (1997) studied the biochemical composition of adult N. norvegicus in relation to ovary maturation, comparing females from Scottish and Mediterranean waters. They did not observe significant differences in the lipid or water content of the ovary, while the percentage protein and carbohydrate values were higher at stations where lobsters grew faster. The hepatopancreas did not show any significant interpopulational differences in lipid, protein or carbohydrate contents. Similarly, in the present study we observed no differences in the digestive gland structure of larvae originating from different regions. Hence, the structure of the digestive gland does not appear to be a good indicator of the nutritional condition in newly hatched larvae, although it is considered to be adequate in adults. Feeding studies in homarid lobsters demonstrate that larvae may not recover from nutritional stress if food is not provided soon after hatching (Anger et al. 1985; Aiken and Waddy 1995; Rotllant et al. 2001) . Therefore, the initial larval biomass and elemental or biochemical composition at hatching should be an important variable determining the tolerance of nutritional stress occurring early in development.
